Aim-To examine the eYcacy of systemic cyclosporin A (CSA) in preventing rejection and graft failure in high risk keratoplasty (PK). Methods-A retrospective case-control study with 49 patients in both the CSA group and the control group. The patients receiving CSA were at high risk of graft rejection and failure. Controls were identified from surgical audit books and had high risk characteristics. Results-There was no statistical diVerence in preoperative risk factors and the use of postoperative topical steroids between the two groups. The median follow up in the CSA group was 22 months and 27 months in the control group. One or more rejection episodes occurred in 18 out of 49 (36.7%) cases in the CSA group and 26 out of 49 (53.1%) in the control group. Graft failure from all causes occurred in 16 (32.7%) CSA patients and 18 (36.7%) control patients. Four (8.2%) of the CSA group compared to eight (16.3%) in the control group failed because of rejection. 22 (44.9%) out of 49 patients in the CSA group had side eVects. In five (10.2%) patients, CSA was stopped because of the side eVects; eight patients had elevated serum urea and creatinine and four developed hypertension. Minor side eVects reported include gum hyperplasia, increased sweating, backache, nausea, feeling unwell, oral candidiasis, cramps, and paraesthesia of the extremities. Conclusion-These results suggest that the benefit of CSA over conventional therapy in preventing rejection episodes and subsequent graft failure is only moderate and did not reach statistically significant levels in this study. Considering the high frequency of side eVects and the cost of CSA, a randomised control trial may be necessary to determine the true value of CSA in high risk penetrating keratoplasty.
Cyclosporin A (CSA), a drug with potent immunomodulating activity, is used extensively in organ transplantation to prevent graft rejection. Its low myelotoxicity and specific action on T cells make it attractive compared with other immunosuppressive drugs. For prophylaxis against corneal graft rejection and failure from rejection, CSA has been used systemically. [1] [2] [3] [4] [5] The use of topical CSA has been reported by a number of authors [6] [7] [8] [9] [10] ; however, a randomised controlled trial examining the eYcacy of topical CSA in preventing rejection and failure in high risk keratoplasty found no beneficial eVect over the use of topical steroids. 10 In a prospective non-randomised trial, Hill presented a case-control study with very encouraging results with systemic CSA, which led to some corneal surgeons using it for high risk penetrating keratoplasty (PK). However, there have been other case-control trials performed with less favourable results. 4 5 We present the results of a case-control study comparing the results of high risk PK in patients taking CSA and those not taking CSA at Moorfields Eye Hospital.
Methods

PATIENTS
At Moorfields Eye Hospital, data on all patients with corneal and external diseases requiring systemic immunosuppression are kept on a database. From February 1992, 49 patients have been prescribed CSA at the time of penetrating keratoplasty (PK) as prophylaxis against allograft rejection. These patients were considered high risk because they had: (1) two or more quadrants of vascularisation, (2) history of ipsilateral graft rejection, (3) active ocular inflammation at the time of PK, or (4) history of chronic intraocular inflammation. Forty nine patients were then identified from the surgical audit books, dating back to 1985, to act as historical controls. Ten control patients had grafts performed before February 1992 and the rest were concurrent with the CSA patients. They were selected if they fulfilled one or more of the high risk criteria listed above and we tried to match for age and disease.
The best corrected or pinhole visual acuity was measured preoperatively and at the last follow up.
SAMPLE SIZE CALCULATION
In order that the study had an 80% chance of detecting as statistically significant, at the 5% level, a true reduction in 2 year failure rate from 60% to 30% because of CSA usage, 49 cases and 49 controls were recruited into the study (EPI-INFO version 6).
GRAFT MATERIAL CHARACTERISTICS
Tissue matched grafts were performed in eight CSA patients and nine control patients. The donor cornea was optimally matched for HLA-A and HLA-B. Two or more mismatches were not accepted. Tissue matched donor corneas were preserved in organ culture.
Non-matched donor corneas were preserved as corneoscleral discs in culture medium at 4°C. At Moorfields, McCarey-Kaufman medium was used up to 1991, after which Optisol GS (Chiron Vision) was used. All patients received Optisol GS stored corneas except for six control patients who received MK stored corneas.
TECHNIQUE
The donor grafts ranged from 6.75 to 11.5 mm (mean 8.0 mm) in the CSA group and 5.0 to 11.5 (mean 8.1 mm) in the control group. The grafts were 0.25-0.50 mm larger than the recipient beds. Eleven CSA patients and 12 controls had simultaneous extracapsular cataract extraction. All had placement of an intraocular lens except for one CSA and three control patients who were left aphakic.
For all patients, 10/0 nylon was used to secure the graft either as interrupted sutures or as one continuous suture. Subconjunctival cefuroxime (125 mg) and betamethasone (4 mg) were given at the completion of surgery. Postoperatively, patients were started on topical steroids and chloramphenicol. The frequency of steroid varied from hourly day and night to four times a day. Chloramphenicol drops were instilled four times a day.
CSA THERAPY
Patients receiving CSA underwent full blood and metabolic analysis before CSA was started. CSA was initiated at the time of surgery or just before. The preparation of CSA used was changed from Sandimmun (Novartis) to Neoral (Sandoz) in 1997. The dose used was between 3 and 5 mg/kg per day. Monthly trough serum CSA levels were performed and the dosages adjusted so that the trough levels fell between 75 and 180 µg/l. The serum CSA is measured using the EMIT 2000 cyclosporin specific assay (Behring), which is based on monoclonal antibodies. Baseline and monthly blood pressure measurements were performed together with renal function tests, liver function tests, and a full blood count. CSA was used for at least 12 months unless side eVects required its cessation. All recorded side eVects were noted with CSA therapy. Rejection episodes were treated with hourly dexamethasone 0.1% drops day and night and subconjunctival betamethasone (4 mg) was given in the majority of cases. The dexamethasone was weaned in accordance to the clinical response. Some patients received 500 mg intravenous methylprednisolone for rejection episodes.
Graft failure was defined as the permanent loss of corneal transparency in a previously thin and clear cornea. Graft failure secondary to rejection was defined as when failure was thought to be due primarily to rejection.
ASSESSMENT OF TOPICAL STEROID AND SYSTEMIC
STEROID USE
The type, frequency, and duration of topical steroids used postoperatively were recorded for all patients. Leibowitz presented data on relative potency of various topical steroid formulations, based on inhibition of polymorphonuclear leucocyte migration into the cornea in the setting of keratitis. 11 Using these data we converted the topical medications used into dexamethasone equivalent units and were able to compare the steroid usage between the patients of the two groups. All patients except for one CSA patient and three control patients were started on dexamethasone as the initial postoperative topical steroid. Of the four patients not started on dexamethasone immediately postoperatively, the patient in the CSA group was taking prednisolone phosphate 0.3% and the three control patients were taking prednisolone acetate 1%.
STATISTICS
The age, sex, and various preoperative risk factors were compared between the cases and controls (Table 1) . 2 tests were used to compare categorical variables and the rank sum test was used to compare continuous variables.
Kaplan-Meier plots of the estimated probabilities over time, of rejection, failure and failure due to rejection were constructed and "survival" experiences compared by the log rank test. The proportion of rejections, failures and failures from rejection at 1 and 2 years were compared using Fisher's exact test. Table 1 shows that the median age of the CSA group was significantly less than that of the control group (p <0.01). This was due to the reluctance to use CSA in elderly patients. The follow up periods of the two groups are also diVerent, but not statistically significantly so. Table 2 compares the primary corneal pathology requiring grafting to be performed in the two groups.
Results
PATIENTS
TOPICAL AND SYSTEMIC STEROID USE Table 3 compares the steroid use between the patients of the two groups. There was no statistically significant diVerence between the mean number of dexamethasone equivalent drops taken per patient at 3, 6, and 12 months postoperatively. There was no significant diVerence in the number of patients receiving topical steroids for more than 1 year. However, there were a greater number of CSA patients requiring systemic prednisolone postoperatively. Four patients in the CSA group and three in the control group received 500 mg intravenous methylprednisolone for rejection episodes. One control patient had oral prednisolone (1 mg/kg) weaned over 2 months for a rejection episode. The other patients requiring systemic steroids took oral prednisolone for significant ocular surface or intraocular inflammation (for example, atopic sclerokeratitis, scleritis, and episcleritis related to infections, and rheumatoid related sclerokeratitis).
REJECTION AND FAILURE RATES
One and 2 year rates of rejection, failure from all causes, and failure from rejection of the two groups are compared in Table 4 . In all groups, no significant diVerence was found between the CSA and control groups. Figures 1, 2 , and 3 are the Kaplan-Meier survival plots for rejection, failure from rejection, and failure from all causes. Log rank testing revealed no statistical significance between the two groups for the three outcomes. It should be noted, however, that power to detect diVerences in survival experiences is related to the number of events rather than the number of patients, and is therefore low. Of the 26 patients in the control group who rejected, their median time to rejection was 11.5 months. By comparison, the 18 patients in the CSA group rejected at a median of 9.5 months.
Twelve of the 18 (24.5%) rejected while on CSA at a median of 4 months (range 1-17 months). Six grafts rejected after CSA had been stopped for a median of 18 months (range 5-28 months). The median duration of CSA use for the six grafts was 13.5 months. 
SIDE EFFECTS
Discussion
In this study, cases and controls were similarthe only statistically significant diVerence being age and the use of systemic steroids in the CSA group. The relatively small diVerence in age is unlikely to have influenced the results; Williams et al looked at the influence of advanced recipient age on outcome of corneal transplantation and found that graft survival falls significantly in recipients aged 60 or more years when compared with outcome in younger patients. However, they concluded that the different indications for grafting between the young and the old recipients account for most if not all of the diVerence in graft survival and advanced age in itself does not have a major impact on graft survival. 12 The diVerence in systemic steroid use is one of the weaknesses of a retrospective study design. The reasons for this are uncertain but include a change in practice between 1985, when data collection started for the control patients, and 1992 when data collection started for the CSA patients. Clinicians, already more comfortable with using systemic CSA, may have been less concerned about the addition of systemic steroids than they were before 1992 when topical therapy alone was more usual. Alternatively, the CSA patient group may have been more subject to episodes of inflammation than the control group despite having similar disorders. However, the CSA group had more patients with chemical injuries while the control group had more in the keratoconus and dystrophy category, suggesting that the CSA group may have been at higher risk of rejection. However, these conditions were the initial corneal pathology and all eyes had high risk characteristics by the time of the PK in question. In this study, donor material was stored in McCarey-Kaufman solution, Optisol GS, or tissue culture. There are various published comparisons between the three storage methods, [13] [14] [15] [16] and no diVerence has been found in graft outcome.
This study showed trends towards reduced rates of rejection and failure from rejection in high risk PK with systemic immunosuppression with CSA. Failure from all causes, however, appeared to occur more rapidly in the CSA patients than the controls. However, the diVerences between the CSA and the control groups did not reach statistical significance. The rates of rejection and failure reported here are lower than that found by Hill, 1 2 perhaps because his patients had diVerent risk factors than those in this study. Hill's patients all had three to four quadrants of corneal vascularisation, while in this study, 30 and 26 patients in the CSA and control groups respectively had two or more quadrants of vascularisation and other patients had risk factors such as previous rejection episodes or inflammation at the time of surgery. In addition Hill's use of postoperative steroids was less intense and of shorter duration compared to this study; his patients received dexamethasone 0.1% drops four times daily and betamethasone 0.1% ointment at night initially and the drops were slowly weaned and stopped at 6 months postoperatively. By comparison, 35 of the CSA patients and 31 of the control patients were still using topical steroids at 1 year in this study. At 6 months the mean dexamethasone equivalent drops used was 756 and 699 in the CSA and control drops respectively; that is equivalent to approximately four drops daily for the whole of the 6 months in both groups.
There are now three case/control series showing CSA does not significantly decrease the rate of rejection or failure due to rejection. The study by Robert et al found that CSA did not make any diVerence in the rate of rejection or failure. 4 CSA was administered at a dose of 5 mg/kg/day and trough levels were kept at 100-150 ng/l for 3 months. They attributed the results to insuYcient dose and duration of CSA, and inadequately matched patients. Volker-Dieben et al failed to show any diVerence in failure from rejection, 5 but as all the grafts were HLA matched it is possible that an eVect of CSA may have been masked (see Table 6 ).
Various groups have reported on the use of topical CSA. [6] [7] [8] [9] However, a randomised controlled study sponsored by Sandoz failed to demonstrate improved graft survival with topical CSA. 10 Allosensitisation following a corneal graft may take place outside the eye, at the local lymph nodes and this may account for the lack of eVect by topical therapy.
Forty five per cent of the patients in this study had recorded side eVects. Other groups have reported side eVects in 29-38% of patients. 2 4 17 Ten per cent of patients stopped because of side eVects. All side eVects were reversible after cessation of CSA. The use of CSA in solid organ transplantation has been associated with an increased risk of lymphoproliferative disorders that has been attributed to the long duration of therapy and the use in conjunction with other immunosuppressive drugs. 18 The mechanism has been thought to be secondary to the impairment of the organ recipient's immune surveillance system, but there is now evidence that cyclosporin has a direct stimulatory eVect on malignant cells via a TGF-related mechanism. 19 With this new evidence suggesting CSA has a direct role in progression of malignant disease, we may need to reconsider our indications for use with eye conditions. This study supports the proposition that CSA may well have some eVect on survival of high risk corneal grafts. However, this eVect, like that in two of the other case controlled studies, 4 5 was not significant unlike the result of Hill's study. This may be because of the predominance of corneal vascularisation as a risk factor in Hill's study compared to the present study. Corneas that are vascularised are not necessarily at higher risk of rejection compared to a non-vascularised cornea that has rejected three or four times. It may be that the eVect of CSA on rejection in vascularised corneas is diVerent from that in corneas with previous rejection episodes and inflammation as risk factors. Another possible explanation why CSA did not improve graft survival is that the eVect of CSA may have been drowned by the intensive use of topical steroids. Topical steroid was used more frequently and for longer periods in our study compared with the other case-control studies. 1 2 4 5 Long term topical steroid use may well be eVective as systemic immunosuppression in high risk keratoplasty. In patients who are pseudophakic or aphakic, and who do not suVer from a rise in IOP from use of steroids, long term steroids may be a very safe option. The cost of CSA taken at a dose of 150 mg twice daily is £3200 per year in the United Kingdom. Considering the high frequency of side eVects and the cost of CSA, a randomised control trial may be necessary to determine the true value of CSA in high risk keratoplasty. Power calculations, using Pocock's formula, indicate that over 200 patients would be needed in both groups to show a reduction in failure from rejection in 5 years from 40% to 24% at 5% significance and 80% power, allowing for a 10% loss to follow up. This study would need to compare the eYcacy of CSA with the use of long term topical steroids. In addition, there are a number of newer immunosuppressants, like mycophenolate mofetil and tacrolimus, which may be useful for prophylaxis against corneal graft rejection and failure. keratoplasties: a case-control study Systemic cyclosporin A in high risk penetrating 
